Spatial yield spectra have been calculated for electron energy degradation into molecular nitrogen gas using a Monte Carlo method for 0.1-to 5.0-keV incident electrons. These spectra contain the spatial yield information about the electron degradation process and can be employed to calculate a 'yield' for any inelastic state at any position in the medium. Because of the spectrum's useful nature and simple characteristics, the three-variable spatial yield spectrum U(E, z, Eo) is analytically represented as well.
, r = E/mc s is the electron energy in units of the electron rest energy, and rtc is assumed to be 1.0 (following th• work of Berger et al. [1970] ). In the energy regime of interest (E _< 5 keV), r << 2, Z = 7, and, consequently, rt •
16/E.
This form, Equation (1) (hereafter called SR), while used reasonably successfully by Berger et al. [1970, 1974] , tends to underestimate the sharply forward peaked small-angle scattering, overestimate the medium-angle scattering, and underestimate the large-angle scattering.
Iranov et al. [1977] have recently attempted to describe the differential elastic cross sections of Ns, Os, and O using a form which includes a sharper forward scattering component along with a backward scattering peak. Porter and Jump [1978] then pointed out some of the deficiencies in this representation and have employed a more convenient form to represent the elastic differential cross sections of Ns, Os, O, CO, COs, and He. They fitted experimental data fairly well, but only at several separate energies for each gas. Thus use of their differential cross section form in a deposition calculation probably would require the use of spline functions or other interpolative techniques.
In this paper an energy-dependent representation was desired which also included the near-exponentiallike fall-off (pointed out by Shyn et al. [1972] and Herrmann et al. [1976] ) at the small angles and the backscattering peak at the large angles which is observed for electron energies less than 200 eV. The phase function form chosen is normalized to one with an integration over the solid angle and is represented as (hereafter 
PEx(O, E) = f,(E)[l -b2(E)]e -ø/•' 2;rb2(E)[l + e-,•/o½•)] /:(E) 2•r[(2 + a) -t-a-t][1 -cos 0 + a] 2 [1 -fx(E) -f2(E)] 2•r[(2 + c(E)) -•-c(E)-q[1 + cos 0 + c(E)] 2
(4) The parameter expressions for (4) are given in Table 1 .
Comparison of these two forms, SR and EX, with the experimental data is given in Figures la and lb at the two energies of 30 eV and 1000 eV. The EX form given by (4) fits the data quite well at these two representative energies and at the other energies as well. Table 2 . Porter and ,lump [1978] presented this form which falls off as 1/E in the large-energy limit (similar to the screened Rutherford cross section given in (2)) and which contains two other terms (the second and third terms) that describe the low-energy shape and Feshbach resonances. This form is presented in Figure 2 as the dashed line.
b. Inelastic Cross Sections
The total inelastic cross sections for N, were all taken from Jackman et al. [1977] and Porter et al. [1976] . The differential inelastic cross sections were dealt with in the following manner: (1) The scattering of the primary electron in an ionization event was described using the form given in Porter et al. [1976] ; (2) the scattering of the secondary electron in an ionization event is described using (6); and (3) the scattering phase function for the electron as a result of the inelastic excitation event was considered only at incident electron energies below 100 eV. In this energy regime the inelastic scattering was calculated with the use of the elastic phase function. The total cross section which is a sum of the inelastic and the elastic cross sections is given in Figure 2 as the dash-dot line and is compared with the experimental data of Blaauw et al. [ 1977] . Throughout the energy range the cross sections used in this study compare favorably with these experimental values. A collision-by-collision degradation scheme was used down to 30 eV. At this energy, the elastic collisions are occurring with twice the frequency of the inelastic events, and at energies below 30 eV the number of elastic collisions between inelastic events may be up to several hundred or a thousand. Keeping track of all these elastic collisions would be very costly. We thus use a multiple elastic scattering distribution to characterize the electron's coordinates at each inelastic collision. Kutcher and Green [1976] studied the radial, longitudinal, and polar angle distributions for elastic scattering by H: in the energy range from 2 to 50 eV. Rather than repeat such a project for N: which would require a substantial amount of computer time and money, the possibility of using the H: multiple elastic scattering distribution results was considered. 
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where R is a random number and the rest of the parameters are given in Table 3 .
The expression for p, found by inverting (8) of Kutcher and Green [1976] , is written The total path length s, used in (9)-(12), is calculated from a random number R, the total elastic cross section arE(E), and the total inelastic cross section arffE), by using avE(E) In (R) The four-variable and three-variable spatial yield spectra illustrate a tendency to increase at higher values of energy (ER • 0.9-1.0) and at the lower values of z and p. This feature is not as prominent in the nonspatial yield spectrum U(E, Eo), which is calculated by integrating over the spatial component of the spatial yield spectra. In the integration process the higher-energy spectra increase is averaged out by the equally important higher-energy spectra decrease exhibited at the higher values of z and p.
CONCLUSIONS
A Monte Carlo method of energy degradation has been used in this work to spatially deposit the energy of incident electrons with energies from 0.1 to 5.0 keV. This stochastic degradation method deposited energy in a collision-by-collision process down to 30 eV, and a multiple elastic scattering distribution was used from 30 eV down to the cutoff energy of 2 eV. Recently published primary and new secondary differential ionization cross section forms have been used. The scattering of the primary is in inelastic collisions minuscule when compared to the elastic event scattering, and the form for secondary scattering has no effect on the final degradation process (seen also in the work by $trickland et al. [1976] ).
Two forms were used for elastic scattering: (1) the screened Rutherford form and (2) Because of this reasonable agreement, a solution to the equation of transfer can be given in terms of the three-variable (U(E, z, Eo)) and four-variable (U(E, p, z, Eo)) spatial yield spectra. These spectra exhibit fairly simple characteristics which, if analytically represented, could be applied conveniently to the calculation of a yield at any position in the medium. The U(E, z, Eo) was, in fact, analytically represented with the use of (15), and work is now being carried out on the U(E, p, z, Eo) to define and characterize its major attributes. 
